Objective Universal newborn hearing screening has become standard practice in many countries. The primary goal of this study was to assess the impact of early identification of permanent childhood hearing loss on oral communication development. Setting Participants were recruited from three clinical programmes in two cities in the province of Ontario, Canada. The study sample was born during two consecutive periods of newborn hearing screening. The first period, prior to 2002, was targeted on high-risk infants only, and the second, from 2002, included both high-and standard-risk infants (universal newborn hearing screening -UNHS). All children were enrolled in rehabilitation programmes focused on oral language development. Methods In this multicentre observational study, 65 children under the age of five years with onset of hearing loss before six months of age, 26 identified through systematic newborn screening (14 through targeted screening and 12 through UNHS) and 39 without screening, were assessed with an extensive battery of child-and parent-administered speech and language measures. The degree of hearing loss ranged from mild to profound with 22 children in the mild, moderate and moderately severe categories and 43 in the severe and profound categories. Data are reported for the three-year study period. Results The screened group of children was identified at a median age of 6.6 (interquartile range, 3.0-8.2) months and children referred from sources other than newborn screening were diagnosed at a median age of 16.5 (interquartile range, 10.2-29.0) months. Assessment of oral communication development showed no significant difference between the screened and unscreened groups. The communication outcomes for children identified before 12 months of age did not differ from those of later identified children. Conclusions Systematic screening of newborn hearing results in earlier identification and intervention for children with permanent hearing loss. Superior language outcome following newborn screening was not demonstrable in the setting of this study.
BACKGROUND N ewborn hearing screening has become a major theme in paediatric audiology in recent years on the basis that permanent childhood hearing loss is a lifelong condition with significant personal and societal costs. 1 Permanent hearing loss is a relatively common disorder with prevalence estimates ranging from one to three in 1000 children either affected congenitally or in the first years of life. [2] [3] [4] [5] The variation in prevalence rates reported in the literature can be explained by variation in studies and how hearing impairment is defined in relation to severity, frequency range, type of impairment as well as whether the hearing disorder is unilateral or bilateral. 6 Children with hearing impairments are at significant risk for delayed speech and language and subsequently poor academic and social development; consequently, society's costs for providing health and educational care for these children is substantial. 1, [7] [8] [9] Population screening has therefore been widely embraced. In the past two decades, technological advancements in electrophysiological testing have made newborn hearing screening reliable and efficient. This has led to a focus on the development of strategies for the early identification of hearing loss in children. Significant steps have been made in increasing the awareness of paediatric hearing loss as a public health issue such that universal newborn hearing screening (UNHS) has moved from a desirable concept to standard practice in many countries.
A powerful argument for the early detection and intervention of hearing loss has been the potential to reduce delayed communication development as the primary negative effect of permanent hearing loss. 10 The underlying rationale for population hearing screening is that identification of hearing loss can be achieved in the first three to six months of life. In contrast, identification without newborn screening exceeds 12 months even for children with profound hearing losses and can be as late as 20-42 months for children who exhibit lesser degrees of hearing loss. 7, 11, 12 When targeted high-risk screening is in place, late identification remains common for the 40-50% of babies presenting with no risk factors for hearing loss. 11 There is a considerable body of research in infant communication development and brain plasticity supporting that early sensory experience plays an important role in the organization of sensory information such as language. 13, 14 Late diagnosis of permanent hearing loss may place children outside the optimal learning period for language acquisition. However, a specific age threshold for such an optimal period has not been determined, leading different investigators to examine different cut-offs for early and late identification. Unquestionably, early diagnosis should lead to early access to hearing technology and specialized intervention programmes. Arguably, this may result in better communication development, and ultimately more positive academic, social and employment outcomes.
Evidence has emerged in the past 10 years to demonstrate that children identified before six months of age achieve superior results in language and other developmental areas compared with later identified children. [15] [16] [17] [18] Further reinforcement of the positive effects of early identification on communication outcomes has been provided by other studies where intervention age exceeded six months of age. [19] [20] Accordingly, UNHS has received considerable support from key organizations such as the American Academy of Pediatrics and the Joint Committee on Infant Hearing. [21] [22] While a number of these studies have been highly cited as providing good evidence for the effectiveness of early identification and management, the United States Preventive Services Task Force (USPSTF) judged the evidence on enhanced language development to be inconclusive based on a systematic review of the literature. 23 The USPSTF concluded there was insufficient evidence to endorse population screening and highlighted the need for more studies investigating the impact of universal newborn hearing screening.
More recently, a population-based cohort study in the state of Victoria, Australia, which reported outcomes on 88 children at the age of 7-8 years, showed that age of diagnosis did not correlate with any speech, language or reading outcome measure, whereas severity of hearing impairment was strongly related to language scores. 9, 24 Furthermore, the 11 children with hearing loss identified before the age of six months did not demonstrate superior speech, language and reading outcomes to the 77 children identified after 12 months. Similarly, in another recent study, younger age at cochlear implantation, but not age at identification of hearing loss, was associated with improved spoken language skills at the age of 3.5 years. 25 In contrast, recent results from a controlled study of 120 children in England demonstrated improved verbal speech and language skills at the age of 7-10 years in children who had hearing loss confirmed by nine months of age compared with later identified children. 26 Given the divergent information on the impact of early diagnosis and the current possibilities offered by early identification and new sensory technologies, there is growing interest in the outcomes of early and later identified children. The aim of the present study was to investigate the effects of systematic screening (children identified through universal or targeted high-risk screening) and early diagnosis of hearing loss. The study was in part motivated by the introduction of a province-wide newborn hearing screening programme in 2002 in Ontario, Canada, the first provincially mandated screening initiative in the country. Detailed descriptions of the programme have been provided by Hyde et al. 27 Prior to the province-wide screening programme, some infants admitted to neonatal intensive care units were screened as part of local initiatives.
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The full research project was conducted to investigate multi-dimensional aspects of development related to screening and early intervention in children with hearing loss. In this paper, we focus on communication skills during the preschool years (up to age 5 years) in children identified with hearing loss through either targeted or universal newborn screening and compare the outcomes with children who were not identified through screening. This article summarizes data related to communication outcomes at the end of the three-year study period. In particular, we present three-year outcome data from the study to address the following question regarding the benefits of infant hearing screening: 'Is there an association between age of identification of hearing loss and communication outcomes?'. Consistent with much of the literature on the early identification of children with hearing loss, we hypothesized that children whose hearing disorder was identified early would have superior outcomes compared with children whose loss was identified later.
METHOD Design
This study incorporated a cohort study design examining development in children identified with hearing loss through universal or targeted screening and children whose hearing loss was identified without screening through traditional referral practices. The screened group included an inception cohort from a UNHS screening initiative as well as children identified through targeted high-risk screening 
Participants
The study population was drawn from three urban paediatric centres in two cities in the province of Ontario, Canada: Children's Hospital of Eastern Ontario (CHEO) in Ottawa and the Hospital for Sick Children (HSC) and Learning to Listen Foundation (LTLF), both located in Toronto. The CHEO programme is the major diagnostic centre for the Eastern Ontario region and provides early diagnostic audiology and intervention using an auditory--verbal approach. The HSC is a tertiary care centre in Toronto that provides early diagnostic, rehabilitative and therapy services. Children are referred to a variety of rehabilitation programmes in the city including the LTLF, an auditory--verbal therapy programme for children with hearing loss. Under the guidelines of the provincial infant hearing programme, parents are provided with information on all communication development options for children with hearing loss, typically through a parent support worker affiliated with the provincial infant hearing programme who meets with families following the diagnosis. [27] [28] Prior to 2002, information about rehabilitation options was typically provided by audiologists/therapists in the various centres.
Children were eligible and invited to participate in the study if they met the following inclusion criteria: (1) chronological age less than five years, (2) permanent bilateral hearing loss of more than 20 dB HL, (3) congenital or early onset loss (before 6 months), (4) consistent use of hearing technology and/or enrollment in an intervention programme emphasizing the development of spoken language, (5) intervention services in English and (6) absence of complex medical and developmental disabilities.
Excluded were patients whose developmental condition did not permit completion of the test protocol. The age at enrollment for the participants therefore varied according to age of diagnosis, and whether hearing loss had been identified prior to the start of the study.
In the absence of a population-based registry of all children, eligible participants in Ottawa were identified through a database maintained at CHEO and through a rigorous chart review at HSC. A total of 74 of 141 children diagnosed with congenital or early onset hearing loss in Ottawa met the study's eligibility criteria. This number is estimated to represent all childhood hearing losses diagnosed in the Eastern Ontario area as the hospital is the only paediatric diagnostic centre. The potential participants in Toronto were identified by the study coordinator, who applied the study's inclusion criteria to an extensive clinical chart review. Of the 188 children with congenital or early onset hearing loss followed at HSC, 130 met the study criteria. The primary reasons for exclusion of participants at both sites included (1) unilateral or very mild hearing losses without amplification, (2) diagnosed complex disabilities and (3) habilitation in a language other than English. Participants for this study were recruited through clinicians at the three centres. Potential participants completed a brief intake form, which was reviewed by the study coordinator to determine eligibility, applying common inclusion criteria across all sites. The study received full research ethics approval from all three institutional review boards and informed consent was obtained prior to data collection.
Overview of test procedures
Following identification of hearing loss, all children and families received intervention through various clinical or educational rehabilitation programmes. Only children in programmes with a focus on oral communication participated in this research, however, intervention was not controlled in the study. Following extensive pilot testing to determine the most appropriate measures for the age group, a comprehensive developmental assessment battery (comprising auditory, speech-language, general development and cognitive measures) was administered by trained examiners outside the child's clinical programme. Children were assessed with this battery of speech-language and other developmental measures beginning at a chronological age of 24 or 36 months age as appropriate for the measure and annually thereafter (36, 48 and 60 months). All language measures were administered according to test protocols (no sign language was used during test administration). Assessments were typically conducted in the home over two to three test sessions. Descriptions of the communication outcome measures analysed for this paper are provided in the following sections.
(1) Direct administration to child: Peabody Picture Vocabulary Test, Third Edition (PPVT-III), the Preschool Language Scale, Fourth Edition (PLS-4) and the Goldman-Fristoe Test of Articulation, Second Edition (GFTA-2). All three childadministered speech-language tests reported in this paper have normative data with a standardized score of 100 and a standard deviation of 15.
PPVT-III: This assessment tool is a measure of receptive vocabulary in English. 29 It was developed for use with children aged 2 1 2 to adults aged 90 þ years. A stimulus word is presented to the child who is asked to choose the picture from a four-picture plate in the test book that best represents the stimulus word.
PLS-4:
The PLS is a measure of receptive and expressive language development, appropriate for infants and young children ages 2 weeks through 6 years, 11 months. 30 The test has receptive and expressive language tasks, using both pictures and toys as stimuli. The test includes both an Auditory Comprehension and an Expressive Communication subtest.
GFTA-2: The GFTA was developed to provide measures of speech production ability for individuals aged 3 years to adulthood. The Sound in Words subtest was used in this study to measure articulation in children. 31 In this test, the child is shown a picture and asked to identify it.
(2) Parental report: Child Development Inventory (CDI). The CDI is a parent report (for children aged 15 months-6 years) that provides a profile of the child's development in the areas of receptive language, expressive language, social, self-help, gross motor and fine motor skills. 32 The CDI contains 270 statements that describe developmental skills of children in the first 6.5 years of life that are observable by parents in everyday situations. CDI norms and validity were determined for a community sample of 568 children. The CDI developmental scales correlate closely with age (r ¼ 0.84). The receptive and expressive language subtests are reported as outcomes in this paper. In the absence of another developmental measure at this juncture of the study, the self-help subtest was also used as a covariate in the data analysis. Parents' ratings on the self-help scale were selected rather than the social scale because social development is typically influenced by language skills.
Baseline characteristics
Other baseline demographic and clinical characteristics were collected directly from parents using questionnaire forms developed for the study. Information known or assumed to influence outcomes such as type of intervention, socioeconomic status and other developmental issues were documented. In addition, study data related to age of diagnosis, age of amplification and intervention, aetiology, status of hearing loss and other health conditions (e.g. time in Neonatal Intensive Care Unit -NICU) were extracted from the clinical charts.
Data analysis
The primary outcome analysed for the study was communication development as measured by the speech and language measures described above. All analyses were completed using the Statistical Package for the Social Sciences (Version 13.0). Differences on the main speech and language outcomes between the two groups (screened versus unscreened) were compared using independent samples t-tests. The outcomes are reported as standard scores for the PPVT, PLS and GFTA and as Language Quotients for the CDI. Statistical significance was accepted at the P ¼ 0.05 level, all P values are two tailed; 95% confidence intervals were also calculated for means or medians where appropriate. Differences between patient characteristics for the two groups (screened and unscreened) were analysed descriptively and tested for statistical significance with t-test analyses or w 2 techniques as appropriate.
The intent of the study a priori was to conduct an analysis according to the two groups of interest, screened and unscreened children. A total of 24 of the 26 screened children (92.3%) were diagnosed prior to nine months of age. Only 10% of children in the unscreened group were diagnosed before nine months. Consistent with much of the literature on the effects of early identification of hearing loss, participants were also segmented into early and late identified groups for further exploration of the data. Consideration was given to examining the data for children diagnosed before and after six months of age, as this age division corresponds to much of the literature and the goal of the Ontario Infant Hearing Programme. 15, 27 However, given the small number of children that could be recruited for this study and that only 15 children in this sample were diagnosed before six months of age, we compared outcomes in children identified before 12 months (e.g., n ¼ 26 for the PPVT) with those identified after 12 months (e.g., n ¼ 27 for the PPVT).
Information was also collected to capture other potential predictors that affect communication outcomes. Using Pearson correlations, analysis of variance and w 2 techniques as appropriate, relationships were examined between outcomes and several potential predictor variables (severity of hearing loss, highest level of parent education (years), scores on the CDI self-help subtest, age at assessment, NICU admission and gender) in order to determine the most important explanatory variables for regression analyses.
Multiple linear regression analyses were performed to assess predictors of communication outcome. All regression models were constructed using the enter method to examine the effects of age of diagnosis on the results for the PPVT, PLS-4 and the GFTA, controlling for the potential effects of several other factors. In addition to age of diagnosis, the following variables were selected: degree of hearing loss (pure tone average in the better ear), highest level of parent education (years), self-help status (measured from the CDI self-help scale). These variables were selected based on the primary variables of interest in this study and on an examination of relationships between the speechlanguage outcomes and predictor variables. Table 1 provides the demographic details for the participants according to the two groups, screened and unscreened. The two groups were similar for several demographic and clinical characteristics including gender, highest level of parent education, time in intervention, pure tone average and age at assessment. The overall age of diagnosis for the 65 participants was 10.0 (interquartile range, 6.6-18.0) months. As anticipated, there was a significant difference in age at diagnosis of hearing loss (t ¼ 6.68, Po0.001) with the screened group diagnosed at a median age of 6.6 (interquartile range, 3.1-8.3) months, that is, on average 10 months earlier than the median age of 16.5 (interquartile range, 10.5-26.1) months for the unscreened group. The 12 children in the UNHS screened group were diagnosed at a median age of 5.6 months and the targeted screened group was diagnosed at a median age of 7.5 months. The age of first hearing aid fitting and age of entry into intervention were closely related to age of diagnosis (Pearson's r ¼ 0.92 and r ¼ 0.93, respectively). Age at intervention was defined as the first chart recorded therapy session. On average, the referred group started rehabilitation intervention programmes at a median age of 17.5 (interquartile range, 12.5-30.9) months, that is, 11 months later than the screened group who were enrolled in intervention services at an average age of 8.0 (interquartile range, 4.2-10.5) months. The median delay from diagnosis to intervention was 1.4 months (interquartile range, 0.9-2.5). An examination of the data revealed that six children entered therapy programmes more than six months following identification. This delay was accounted for by a diagnosis of auditory neuropathy in two children, family reluctance to proceed with hearing aids or therapy in three cases and one case of fluctuating hearing loss that was monitored prior to hearing aid fitting. All participants were in oral programmes with 59 of the 65 children documented as enrolled in auditory-verbal therapy, reflecting the primary choice of parents in the Ontario system (unpublished data).
RESULTS

Characteristics of the study population
Clinically, the screened and unscreened groups did not differ significantly in terms of severity of hearing loss as measured by pure tone average in the better ear (t ¼ 1.33, P ¼ 0.19). The degree of hearing loss categorized as mild, moderate-severe, severe and profound is detailed in Table 1 . Children with severe and profound hearing losses accounted for 66.2% of the total sample. Thirty-six children used hearing aids and 29 participants used cochlear implants at the most recent assessment. Six of the children initially fit with conventional amplification were implanted during the three-year study period covered by this report. Earlier age of diagnosis was significantly associated with earlier age of cochlear implant surgery (Pearson's r ¼ 0.53, p ¼ 0.003). The mean age of cochlear implant surgery for the 29 children was 23.6 (standard deviation [SD] 12.3) months.
The clinical profile of the children differed with regards to admission to NICU. Seventeen (65.4%) of the 26 screened children were NICU graduates compared with six (15.4%) of the 39 unscreened children. This difference is accounted for by the fact that only children with neonatal indicators were systematically screened for hearing loss prior to the implementation of the provincial UNHS programme in 2002. Detailed information was available on gestational age and birth weight for 23 and 14 NICU graduates, respectively. The mean gestational age was 29.9 weeks (SD 5.8) and the mean birth weight was 1513.8 g (SD 1181.7, range 730-4450 g). A correction was not applied for prematurity since the focus of this study was on communication outcomes measured at a chronological age of 36 months (except CDI at 24 months). This decision was made at the outset of the study based on studies which recommend correction for preterm birth during developmental assessments up to two years of age. [33] [34] Children with documented complex medical and developmental disabilities were not enrolled based on the exclusion criteria.
Study inclusion criteria were strictly applied to patient recruitment in Ottawa and Toronto and a post hoc examination of differences between groups from the two cities did not reveal any differences on several key variables. Applying w 2 analyses or t-tests as appropriate, the 36 children enrolled from Ottawa did not differ significantly from the 29 children in Toronto on the following variables: screening status, NICU admission, family years of education and severity of hearing loss (either by category of loss or by pure tone average).
Speech and language outcomes
Assessments have been completed on 65 children at various chronological age intervals. Due to age of entry in the study, scheduling issues, child attention/interest and compliance with study protocol, the number of children completing each assessment measure varies. Figure 1 details the flow of participants through the study protocol.
The results for the direct child assessments and for the parent ratings on the CDI are shown in Table 2 , grouped by screening status (screened or unscreened). The mean data are presented for each outcome measure and represent the results obtained at the most recent assessment interval of 24 months (CDI only), 36, 48 or 60 months. An analysis of variance for each speech-language measure revealed no significant difference by age at assessment for either the screened or the unscreened groups. Table 2 summarizes the results as mean standard scores and standard deviations for the speech and language tests: PPVT-III, PLS-4 -Auditory Comprehension and Expressive Communication subtests, the GFTA-2 Sounds-in-Words subtest. For these test measures, a standard score of 100 places a child within the average range with 50% of the normative sample scoring between 90 and 110. The group data are shown as mean language quotients for the CDI language comprehension and expressive language subtests. A language quotient of 100 indicates that a child's language age is equivalent to his/ her chronological age, i.e. typical language development level. 15 A language quotient below 100 indicates that the child's language is below that of typical hearing peers for the test measure.
As shown in Table 2 , the difference in performance between the screened and unscreened groups was not found to be statistically significant for any child-administered speech and language outcome measure. Data were also examined dichotomously by age of diagnosis with the group divided into children identified before 12 months and after 12 months of age. Between-group performance was not clinically or statistically significant on the PPVT (t ¼ À0.741, P ¼ 0.46). Similar results were obtained across all speechlanguage test measures in the study. In summary, for the speech and language measures in this study, there was no statistically significant difference in outcomes between screened and unscreened children or between children identified before 12 months and after 12 months of age.
Regression analysis
Multiple linear regression analyses were performed to assess predictors of outcome on the child-administered measures from these variables: age of diagnosis, severity of hearing loss, family education, self-help quotient and NICU admission. The self-help quotient was taken from parents' ratings on the CDI self-help scale as a proxy for non-verbal abilities and was available for 43 participants. Models were tested with NICU admission included as an explanatory variable; however, admission to the NICU did not explain any additional variance in the results of this study. Controlling for the possible confounding effects of these indicators, age of diagnosis was not associated with improved outcomes for any of the outcome measures analysed. The coefficients for the child-administered speech-language assessments are provided in Table 3 . Applying these results to the PPVT, for example, shows that each additional one-month improvement in the age of diagnosis is associated with a 0.04 (coefficient-0.04) increase in the standard score on the test. Clinically, this translates to a standard score difference of 0.5 units for a child whose hearing loss is identified 12 months earlier and just 1 unit for a child whose hearing loss is diagnosed 24 months earlier. Therefore, applying the 95% confidence intervals for the PPVT (À0.51 to 0.44), there is only a 5% chance that a 12-month improvement in the age of diagnosis would yield a standard score improvement of 5 points.
Better communication outcome was significantly associated with severity of hearing loss (pure tone average) on all measures except the PLS (AC) (P ¼ 0.06). Severity of hearing loss accounted for 11-15% of the variance on the various outcome measures. Accordingly, in clinical terms, for every 10 dB decrease in pure tone average in the better ear, an increase in the standard score of 2.9 units could be predicted for the PPVT. Better outcome was also associated with the self-help quotient on all child-administered test measures, accounting for variance ranging from 9% to 15% for the various tests. Family education was associated with higher standard scores (explaining 10-21% of variance) on both subscales of the PLS but not on the PPVT or GFTA. The regression models explained from 29% of the total variance in outcome on the PPVT (F ¼ 3.82, P ¼ 0.01) to 47% of the variance on the PLS (AC) (F ¼ 8.32, Po0.001). The models were also tested with age of diagnosis dichotomized as early and late (hearing loss confirmed before and after 12 months of age) rather than as a continuous variable but no additional variance could be explained. Thus, associations between early identification of hearing loss and improved language abilities could not be demonstrated in this study. 
DISCUSSION
The ultimate purpose of population hearing screening is to allow children to benefit from hearing in their everyday lives. Improved communication outcomes as quantified through traditional clinical measures would provide one source of evidence of the positive effects of UNHS. This study examined the trends in communication development relative to age of diagnosis of hearing loss in a cohort study of 65 children in an effort to contribute to the evidence base for the early identification of childhood hearing loss. In this study, overall, preschool children identified through screening, and therefore on average identified earlier, did not perform better than children identified without systematic screening (later identified) on several measures of communication development. A dichotomous examination of the data by age of diagnosis, before and after 12 months, also did not reveal any trends for improved outcomes in the earlier diagnosed groups. Furthermore, there was no association between age of diagnosis and outcomes for any of the childor parent-administered language measures analysed in this study. Controlling for potential confounders, we found that severity of hearing loss and self-help quotient as rated by parents on the CDI were the principle predictor variables related to outcome. Superior language outcomes following newborn hearing screening were not demonstrable in the context of this study. There are several possible explanations for our findings. First, in terms of the age of diagnosis, there was only 10 months difference between the screened and unscreened groups in this study. Second, the service model of early high-quality oral intervention may, in fact, have compensated for the delay in the later identified children who were identified at an average age of 16.5 months. Third, cochlear implantation, undertaken in 29 of the 65 children, took place at similar ages in screened and unscreened children (mean of 20.7 months versus 24.7 months, n ¼ 8, n ¼ 21, respectively). Therefore, regardless of the age of identification, cochlear implantation and therefore 'access to effective intervention' did not occur until well after 12 months of age for the majority of children. Fourth, later identification may have a lesser impact on families who have higher education levels. It is plausible that these families may be more resourceful in quickly accessing specialized care and adjusting their family circumstances to reduce the gap in their children's language. 35 Although this study recruited participants through publicly funded health programmes and attempted to enroll a range of families in terms of socioeconomic status, the families in our study reported an average of 17 years of education, much higher than the average 14.3 years reported by Statistics Canada for Ontario generally (for individuals in the 25-44 year age range, the age range of the majority of parents in this study). 36 Our findings suggest that family characteristics, access to resources and family involvement may have a protective effect and reduce the negative effects of late identification of hearing loss.
Fifth, due to the status of newborn screening at the time of this study, there was a large excess of NICU graduates in the neonatally screened compared with the unscreened group. NICU graduates have been shown to have developmental delays relative to other infants. 37 Accordingly, neonatal screening and subsequent early intervention could have enabled NICU graduates to catch up with their nonscreened, non-NICU peers and thus account for the fact that admission to the NICU was not associated with lower communication outcome scores in this study.
Finally, it is possible that the outcomes we measured in the first few years post diagnosis simply do not reveal the cumulative longer-term benefits of early identification of childhood hearing loss. Assessments of children at later ages involve more complex language skills (with less visual support) and may expose differences related to earlier identification of hearing loss.
The findings of our study contrast with those of several studies in the past decade that have addressed the impact of early identification of hearing loss on communication outcomes. 16, 21, 22, 26 Compared with the recently reported British study of a 1992-97 birth cohort, the 1998-2003 birth cohort from which our study sample was drawn may have had better access to cochlear implantation since implantation was undertaken in only 16 of the British sample (which In our study, we are unable to point to important differences in screened or unscreened children with respect to access to cochlear implant technology either in terms of availability or age at implantation. There is also no evidence to suggest that different rehabilitation techniques or changes in service provision (e.g. therapy) occurred in conjunction with screening in the collaborating centres during the time period of our study. The access to cochlear implants, in particular, may have moderated the effect of significant hearing loss and reduced the impact of early diagnosis on language development. 25 In addition, children in our study were in rehabilitation programmes focused on auditory--verbal language development and all test measures were administered using oral communication only. The effects of early identification could be different for children in other rehabilitation programmes or in services where the focus is not exclusively on oral communication.
Our findings are in agreement with those of a populationbased Australian study by Wake et al. 9, 24 who recently reported no trends towards improved communication skills for school age children. However, like the present study, the Australian study included children who were not exposed to universal screening, and therefore included a small number (n ¼ 11) of children identified by six months. An important limitation of our study is the number of children recruited despite substantial efforts over a threeyear period that limited the statistical power to detect the benefits of early intervention in the screened (early identified) group.
A strength of our study is that our findings are based on a comprehensive assessment protocol and rigorous data collected prospectively. Data were collected by examiners who were not involved in the child's clinical care and who were blinded to the extent possible to the child's degree of hearing loss and screening status. Demographic and clinical characteristics were collected either through chart records or prospectively from the parents themselves. The multicentre nature of the study leads us to suggest that our findings may apply to other settings, with clinical populations in oral communication programmes, where quality early management services are available.
Consistent with most studies in the infant hearing field, our study was dependent on voluntary participation and although we included a comparison group, we were unable to employ an experimental design because province wide universal screening was already available at the start of this research. Like other studies, we made the assumption that children in the non-screened group had congenital/early onset hearing loss. The advent of organized newborn hearing screening programmes with good information systems will be expected to improve accuracy in future studies and may illuminate and eliminate some of the uncertain variables inherent in current studies. Although several variables, such as intervention and service models could not be controlled, the prospective cohort design allowed careful documentation and examination of several potential predictor factors.
This study, along with others, points to the fact that it is difficult to separate the contribution of age of diagnosis to communication development from that of other variables such as cochlear implants, parental involvement, service models and quality of therapy and services which may also be important determinants of outcome. 38 These latter potential contributors are difficult to quantify and analyse. UNHS research has demonstrated that early identification can be achieved and early intervention can be initiated. 23 This may lead to early and effective access to care. It is probable that comprehensive services, some of which may be related to early identification like the model of care and intervention, rather than age of diagnosis alone constitute the most effective way to improve long-term communication and academic outcomes in children with hearing loss. Further research should focus on a better understanding of the contribution of these less-measurable factors. Recently, Hyde 39 has suggested that the emphasis on improved communication development as an outcome measure for the evidence of the effectiveness of screening and early identification of hearing loss is inappropriate. Our multicentre study raises questions about the advocacy for population hearing screening solely on the basis of improved communication outcomes. Indeed, results from qualitative interviews that we have conducted with parents of children who were screened or referred suggest that parents value outcomes of hearing screening that extend beyond traditional communication competency measures. 35 The recent emphasis on population hearing screening initiatives is based on the premise that better outcomes can be achieved through early identification and intervention. To date, such results have been difficult to obtain in a rigorous way. The inconclusive findings may be due to an absence of effect of early diagnosis, to the difficulty of quantifying such benefits, to the absence of studies that measure benefits over the long-term and finally to the numerous factors, in addition to early identification, which have an impact on communication development. The continued evaluation of the longer-term benefits of early identification including multiple dimensions of outcome and parents' perspectives may provide further insights into the value of this population-based intervention.
